Purpose The Adolescent Quality of Life-Mental Health Scale (AQOL-MHS) is designed to measure quality of life in clinical samples of Latino adolescents aged 12-18 years. Initial findings support its reliability, validity and conceptual model for use of its three domains (emotional regulation, self-concept and social context). Our current study tests the usefulness of the AQOL-MHS for tracking changes in HRQOL during the course of service use. Methods Three waves of data were collected from 59 participants who were recruited from mental health clinics, where waves were spaced 4 months apart. Participants were receiving services at baseline assessment and were tracked for follow-up appointments regardless of treatment status. We analyze conventional reliability statistics for individual differences (e.g., Cronbach's alpha and testretest correlations), and to estimate the reliability of change, we carried out a variance decomposition analysis. Results The psychometric analyses from Chavez et al. (Qual Life Res 23(4):1327-1335 were replicated with comparable results. A generalizability theory (GT) analysis revealed that the AQOL-MHS domains can measure change reliably. The reliability estimates varied from .65 to .78. Although there was reliable change at the individual level, on the average the AQOL-MHS means improved only slightly over time.
Introduction
The term ''quality of life'' (QOL) was first introduced in the mid-to-late 1970's as a key term in medical indexes, but its systematic study took off a decade later, primarily in the field of oncology. Quality of life (QOL) is considered a broad multidimensional concept that includes both physical and psychological functioning, subjective evaluations of both positive and negative aspects of life, as well, as encompassing both medical and non-medical aspects [1] [2] [3] . Recent years have seen a transformation from general to personalized medicine, and researchers have found utility in defining QOL specific to different disabilities and health problems that diverse populations experience. For example, there are now a number of instruments designed to measure specific domains such as asthma [4] , cancer [5] , diabetes, multidimensional fatigue [6] and craniofacial differences [7] among others. Such specific measures are often used to follow an individual's change over time and with treatment and for comparing subgroups of patients.
In the spirit of focusing on specific populations and disorders, we developed a QOL instruments for adolescents with mental health problems, the Adolescent Quality of Life-Mental Health Scale (AQOL-MHS) [8, 9] . This instrument differs from other QOL instruments developed for children or adolescents (e.g., the KIDSCREEN [10] , PedsQL [11] , YQOL-R [2] ) in that it is a specific instrument developed for clinical mental health populations. The AQOL-MHS was developed using a grounded theory approach where youths themselves defined what they believed to be important concepts with items that are selfreported (patient centered), and attention was given that the items be both culturally and developmentally appropriate. The uniqueness of having a clinic population defines the domains meant that they could discuss issues such as stigma and medication use in ways that were meaningful to them as patients.
The AQOL-MHS has three scales: emotional regulation, social context and self-concept. Previous work [8] evaluated the reliability of the scale in two ways. We used both estimates of internal consistency (Cronbach's alpha) and test-retest reliability (intraclass correlations). Both the total scale and individual domain scales had reliability estimates that were .80 or better, indicating good to excellent reliability. We tested for convergent and discriminant validity and found that the AQOL-MHS had patterns of correlations that were consistent with our hypothesis driven predictions and theoretical assumptions. We also observed results for known-groups validity that indicated that the AQOL-MHS could differentiate adolescents at risk on variables such as having psychiatric diagnoses, functional impairment, having received mental health services, family functioning, having repeated a grade at school and having experienced bullying within the last 30 days.
These results for AQOL-MHS focus on the psychometrics of individual differences cross-sectionally. However, one important application of patient-centered measures is to track changes as the underlying health or mental health condition changes. Just because a measure is reliable and valid for measuring individual differences at one time point does not mean that it will also be reliable and valid for measuring change [12] [13] [14] . The more a construct is trait like, the higher the test-retest correlations of its measures, but the less likely that the measure will be sensitive to change. On the other hand, the more a construct is state like, the more likely that its test-retest correlations will be lower than the reliability estimated at one point in time (e.g., with Cronbach's alpha). Trait and state variation can be considered simultaneously if a measure with multiple items is applied to the same persons at multiple points in time. Cranford et al. [12] showed how generalizability theory (GT) [15] can be used to decompose item response variance from longitudinal studies into trait and state components and to use these components to estimate the reliability of change.
This article uses longitudinal data collected to apply the GT methods of Cranford et al. [12] to adolescent reports on AQOL-MHS items at three times over 8 months. We compare the conventional reliability statistics for individual differences (e.g., Cronbach's alpha and test-retest correlations) to the GT estimates and evaluate the results from the perspective of researcher's who are interested in changes in QOL among adolescents with mental health problems.
Methods

Participants and procedure
Participants with one of five prevalent mental disorders: attention deficit hyperactivity disorder (ADHD), conduct disorder (CD), oppositional defiant disorder (ODD), generalized anxiety disorder (GAD) or major depressive disorder (MDD), were recruited from 4 clinics of the San Juan metropolitan area. These clinics included the APS Healthcare in San Juan, APS Healthcare in Bayamon, Pediatric Hospital, Child and Adolescent Clinic Medical Sciences Campus as well as from some private practices. The participants were assessed three times, 4 months apart. The inclusion criteria for the study were as follows: (a) The youth was at least 12 years old, but not older than 18, (b) The youth was a new client, in that he/she had received three or fewer sessions with a mental health professional in the current clinical setting, and (c) The youth had not received mental health treatment at other settings in the 6 months prior to recruitment. In addition, study exclusion criteria include cognitive impairment, history of severe brain injury, pervasive developmental disorder or evident sensory impairment.
After an initial visit to inform the mental health professional on the study, we made routine visits to collect referrals in which reported age, sessions, diagnosis and severity. Parents were called to explain the research project, and those who expressed interest an initial interview was coordinated with the interviewer for home visits. Parents signed a consent form in which they agreed to participate in the study for the course of a year.
All participants were receiving services at the time of the baseline assessment and were tracked for follow-up appointments regardless of treatment status. Field work was completed at the end of January 2014, and data cleaning was completed in April 2014. All participants received a research incentive for participating. The incentives were incremental for each study visit. For the initial interview, they were offered $25.00, for follow-up 1, $30.00 and for follow-up 2, $35.00. The initial interview lasted around 1 h, and the follow-up interviews lasted around 45 min.
Measure AQOL-MHS. The AQOL-MHS [8] is a self-report measure with 26 items that can be scored to produce three QOL scales: emotional regulation (ER-9 items), self-concept (SC-8 items) and social context (SO-9 items). Participants evaluate whether the item description applies to them using an 11 point scale that ranges from 0= ''Completely disagree'' to 10= ''Completely agree.'' The responses to the ER scale were reverse coded so that larger numbers correspond to more positive QOL. The AQOL-MHS was measured at baseline, and two additional follow-up visits every 4 months.
Statistical analysis
We first replicated the psychometric results from Chavez et al. [8] by calculating Cronbach's alpha for each of the three scales at each time point and by examining the 2-and 4-month correlations for each of the scales both between waves and across waves. We also conducted t tests to assess change in QOL between the final assessment (follow-up 2) and the baseline assessment and estimated the unstandardized regression coefficient (b) and Cohen's effect size (d) [16] to provide information regarding the magnitude of the difference. Statistical significance was set at p B .05.
To estimate the reliability of change, we carried out analyses in the tradition of generalizability theory (GT) [15, 17, 18] . GT recognizes that variation in item responses can be due to multiple sources, and it provides a psychometric framework for comparing the variation due to the intended construct to variation that is considered to be noise. The framework is very general, but Cranford et al. [12] showed how it can be applied to analysis of change, where the sources of variation are components due to person (averaging across items and wave of interviews), item (averaging over persons and wave), time (averaging over persons and items) and also their two-way interactions. To implement the Cranford approach, we carried out a variance decomposition analysis using the VARCOMP procedure of SAS (version 9.3) with restricted maximum likelihood (REML) estimation. The three-way interaction of person by item by wave was used to estimate the underlying error variation.
According to Cranford et al. [12] , the reliability of change (R C ) can be estimated using the Person * Wave and Error components of the variance decomposition. Their method assumes that all persons are asked to answer all items and therefore that the items are fixed effects. The formula for calculating R C is shown in Eq. 1. The impact of the error term is reduced by a factor of 1/m, where m is the number of items in the scale.
Results Table 1 shows the means, standard deviations and alpha estimates for the three scales at each wave of data for 59 participants at baseline. The scale scores can range from zero to ten, and so the means indicate that for social context and self-concept the reported QOL in this sample is fairly high. In all three waves, the alphas for emotional regulation were slightly smaller than the value of .82 reported by Chavez et al. [8] . However, the alphas for the other two scales were comparable to the values previously reported [self-concept (.85) and social context (.80)], and the alphas for all three scales were consistent across waves. Also apparent in Table 1 is that QOL in all three domains did not change much over the three waves. Analyses of differences between baseline and follow-up 2 assessments indicated that the means for emotional regulation increased subtly over time, ER b = 0.32 t(57) = 2.07, p B . Tables 2 and 3 show the correlations of the three AQOL-MHS within and between waves. In our previous study, we found the 2 weeks test-retest reliability of the emotional regulation, self-concept and social context scales to be .82, .90 and .83 [8] . The correlations of the baseline measures with the 4 and 8-month follow-up were smaller than these values, consistent with systematic change. For example, baseline emotional regulation was correlated .55 and .37 with the 4-and 8-month follow-up assessments, and baseline self-concept was correlated .68 with the second wave of data and .42 with the third. The lowest level of correlations over waves was found for social context. Baseline social context was correlated .44 and .21 with 4-and 8-month follow-up assessments.
The results of the GT analyses are shown in Table 4 . The top part of the table shows how much of the item response variance can be attributed to between-person, time and item effects, as well as the two-way interactions. The largest portion of item response variance is associated with error, but this reflects error variation for individual items. The impact of the error variation is reduced when the eight or nine items are combined to form scale scores. Another large component of the variance for all three scales is the person effect (ranging from 10.5 to 21.2 %), which reflects individual differences averaged over items and times. Consistent with Figs. 1, 2 and 3 , little of the variation is due to overall change over time (averaging across items and persons). The variation associated with items ranges from 7.3 to 12.7 %, but these differences in item severity do not have an impact on the measurement. All persons answer all items, and thus the between-person comparisons are not affected by this source of variation.
More important for the reliability of change is the person by time interaction, which ranges from 9.5 % for emotional regulation to 19.0 % for social context. This variation describes consistent changes of persons over the repeated measures (averaging over items). It is used in the numerator of Eq. 1, which compares systematic change to total change variation. For emotional regulation QOL, the application of Eq. 1 yields a reliability of change estimate of 0.65, and for both social context and self-concept, the estimates are 0.78. These results indicate that for the AQOL-MHS, at least two-thirds (C.65) of the change variation revealed by the scales is true within-person change in QOL over time.
Discussion
Using generalizability theory, we were able to estimate the magnitude of systematic within-person change over time and to use these values to estimate the reliability of change (R C ). We found that the reliability of change for all three scales was acceptable, but consistently lower than the Cronbach's alpha values for each wave. The alpha values are appropriate for comparisons of subjects with regard to their QOL levels at a fixed point in time, but the R C values are appropriate for comparing subjects with regard to their QOL change over time. Given that QOL is a primary outcome in many treatment studies and that there is an expectation that the treatment leads to QOL improvement, it is critical that the reliability of QOL change be formally examined. Although all three AQOL-MHS can measure change over an 8-month interval with adequate reliability, the results suggested that the emotion regulation scale was somewhat less reliable than the social context and self-concept scales (0.65 vs 0.78 and 0.78). From the variance decomposition, we can determine that there was considerable person * wave variation in the emotion regulation scale, but there was even more variation in the error component. This scale includes items such as ''I act crazy and out of control,'' and ''When I get angry, my mind blocks up;'' these items were phrased in terms of usual self, in other words they reflect personality traits that are relatively stable rather than recent emotional experiences. For example, the first of the above items might be reworded to be ''I feel like I could act crazy and out of control.'' If adolescents are able to focus on the present state they might give a clearer signal about their changing QOL. Future plans include developing a state-like version of the AQOL-MHS that could yield improved reliability of change by emphasizing state-level quality of life items rather than trait level.
Our results are based on responses of clinical samples of adolescents in mental health care, and they will not necessarily generalize to other samples of youth. The extent to which quality of life changes over time is likely to differ depending on the group of adolescents, for example those with no mental health problems or those with physical illness. Researchers who are interested in the reliability of change in other types of samples should conduct their own GT analyses. The GT framework used in our analyses assumes homogeneity of items, similar to classical test theory of parallel measures. This assumption is like the one made implicitly when using Cronbach's alpha to estimate the reliability of measures at a single point in time. Insofar as some items differ in their relation to the underlying construct, the GT estimates of reliability might be conservative.
We believe there is a need for specific QOL measure that can track significant changes over time and that such a measure would be increasingly relevant for the adolescent clinical population. Our results provide validation support for the classic psychometric properties of the AQOL-MHS and also back the use of accompanying standard approaches with the utility of applying generalizability theory to the estimation of reliability of change over time. To our knowledge, this is the first study to apply a GT framework to assess the reliability of change in a QOL measure. By using this approach, we will be able to adapt our current measure to provide a better reliability of within-person change and thus broaden its applicability for future use.
